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ORIGINAL ARTICLES. 


STORMS AND A CENTRAL ASCENDING CURRENT. 


By Proressor H. A. HAZEN. 


The theory of an ascensional current in the centre of a storm 
was first proposed, or at least greatly enlarged, by Espy in 1835. 
This theory has more general acceptance than any other to-day, 
and is second in importance only to the theory of the increase 
of energy through the liberation of latent heat and consequent 
production of a partial vacuum. On these two depends the 
whole science of theoretical meteorology. It is proposed to 
discuss a few of the arguments for and against these theories. 

Ist. The tendency of all surface air currents is toward a cen- 
tral region of low pressure, hence, if there is no uprush of air, 
this region of low pressure would rapidly fill up and the storm 
come to an end. 

2nd. An ascending saturated column will occur whenever the 
rate of decrease of temperature with increase of hight in the 
undisturbed surrounding air is greater than that in the column. 

3rd. An uprush may also occur at times by a greatly heated 
lower stratum suddenly breaking through a cooler stratum 
above, or, in other words, whenever there is a very abnormal 
decrease of temperature with hight in a rather quiescent mass 
of air. 





98 American Meteorological Journal. 


4th. Espy’s whole argument was based on the fact that any 
precipitation could only occur through the condensation of 
moisture in an uprushing current, and that the ascending cur- 
rent and resulting precipitation were both at the centre of the 
disturbance. 

5th. There is a partial vacuum at the centre of a disturbance, 
and hence there must be an uprush of air into it. 

6th. Great masses of material are frequently carried into the 
air, especially in tornadoes, and this could only be done through 
the aid of an uprushing current. 

7th. It has been claimed that the apparent bursting of a house, 
whereby the four sides are thrown outward, proves the existence 
of a partial vacuum, and the necessity of an uprushing column 
of air is established by this vacuum. 

These are all the arguments, so far as I know, in favor of an 
ascending current. The most important fact, and one repeated 
again and again, is that this uprush can only be at the centre of 
disturbance. It would seem as though the general tendency of 
the winds toward the centre and the bendings of the isobars 
about the same point show unmistakably that here and here 
only can any considerable uprush take place if there be an up- 
rush at all. At all events even if there are minor effects which 
may he traced to sporadic uprushes elsewhere than at the centre, 
yet the fact must still remain all the more emphatic that pre- 


cisely the same effects must be produced in a much more marked 


degree at the centre where the uprush, if there is any anywhere, 
will exhibit its greatest effect. 

Here are some of the proofs that there is, and can be, no up- 
rush of air at the centre of a disturbance: 

Ist. There is little or no rainfall at that point, at least in this 
country. The bulk of our rain falls at a distance of 300 or 400 
miles to the eastward of the centre. This fact has been recog- 
nized, and attempts have been made to explain away its force by 
the hypothesis that the rain drop is actually formed at the cen- 
tre of the storm, but is carried by the rapid upper currents to 
great distances before it falls. This hypothesis is not tenable, 
however, for the reason that gravity would cause the drop to 
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reach the carth at a distance of less than a mile, even under the 
most extreme conditions. Papers eight inches square have been 
dropped from a balloon at the hight of 10,000 feet, where the 
current was not far from 30 miles per hour, and these have 
reached the earth within a mile horizontally of the point of 
release. It has been repeatedly observed, that after a vivid 
flash of lightning, allowing a few seconds for the drop to fall 
through gravity, there has been a great down-pour of rain 
directly under the thunder peal. This fact has been used as an 
argument by some who think that rain is caused by the release 
of electric tension upon the molecules of moisture, thereby 
allowing them to coalesce. This may be regarded as a most 
positive proof that after a rain drop has been fairly well formed 
it must fall within a hundred feet unless it is evaporated by the 
drier air beneath. The theory is a convenient one, but does not 
accomplish its purpose. 

2nd. Thunderstorms, tornadoes and other local outbursts do 
not occur at the centre but about 400 miles to the southeast and 
where there is no uprush of air whatever. 

3rd. Such an uprush of air, if at all considerable, it is very easy 
to see, would entirely obliterate the bendings of the isobars in a 
very few hours, no matter what assistance may be invoked from 
the condensation of vapor or overflowing of the air. We arein 
great danger of forgetting that the extreme hight of this col- 
umn of ascending air rarely exceeds a mile or a mile and a half 
and all the air rushing in must be disposed of. Observations 
have shown that the upper current at the hight of about a 
mile is almost steadily from the west, and any augumentation of 
a considerable amount to this current would very speedily change 
the distribution of pressure and bring about a result entirely 
negatived by our synoptic charts. 

4th. If we consider only saturated air, which at about 80° 
diminishes 1° in 500 feet of hight, we are met by a singular 


complication. As long as the air is saturated and quiescent the 
above relation holds, but when condensation has taken place, if 
for the sake of argument we admit that this has occurred, then 
we find a tendency to an unsaturated air and the relation no 
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longer holds. In fact, it seems to be beyond question that there 
can be no precipitation as long as latent heat is set free and be- 
comes sensible, for this would immediately become latent again 


by re-evaporating the moisture. This shows plainly that, unless 


the latent heat is radiated into space, converted into electricity, 
or disposed of in some way, precipitation would cease almost 
immediately. It is certain that it will not be accepted that this 
latent heat can be converted into electricity, and it is more cer- 
tain that it cannot be radiated into space through the clouds. 
But there is a still more important consideration. It is admit- 
ted by all theoreticians that the storm circulation and uprush of 
air would quickly cease if it were not for the partial vacuum 
formed by the liberation of latent heat, so that, if this latent 
heat does not become sensible, it is admitted that the storm 
could not exist. 

5th. The most essential point in an uprising column is that it 
shall be vertical or nearly so. Itis very plain, indeed, that no col- 
umn could exist or develop energy if it were inclined even 30° to 
the vertical. The rising current can only take place from the fact 
that the air in it has a less density than the surrounding air and 
the action can only be in a vertical direction. It is very plain, 
however, that since the upper currents havea greater velocity than 
those a mile lower, the uprushing column will be very quickly 
inclined much more than 30°, and the whole effect would quickly 
cease. The attempt has been made to avoid this difficulty by the 
consideration that the upper part of the storm is continually 
reforming itself as it advances and communicating its motions 
to the lower air. This certainly seems one of the most strained 
hypotheses ever advanced. It inevitably breaks up the essential 
continuity of the ascending current. It attempts a rapid verti- 
cal action through different strata in a frictionless medium, 
which is impossible. It cannot be accepted as anything but a 
convenient theory and one which does not accomplish its pur- 
pose. 

6th. The whole theory of an unstable equilibrium in the 
atmosphere seems to be dependent upon very unsatisfactory 
assumptions as to the diminution of temperature with hight. It 
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is certaiuly not a fact that a column of air, uniformly diminish- 
ing in temperature for a hight of two miles, is surrounded by 
air having another rate of decrease in temperature. On the east 
side of the storm the currents are quite uniform from the south 
and southeast, or heated, while on the west they are from the 
north and northwest and much cooler. This at once shows the 
impossibility of the condition assumed. Such a distribution of 
temperature, at least if the uprushing column were dependent 
upon it, would very quickly tend to break up all uniform condi- 
tions of diminishing temperature. But this is not all; we are 
told that a theoretical computation of the diminution of temper- 
ature with hight in an unsaturated air column at about 80° tem- 
perature is 1° per 280 feet, while in a saturated air it should be 
1° in 500 feet. It is difficult to see just how the gradation 
between saturated and unsaturated air can be maintained with 
such an enormous theoretical difference, but granting that it 
can, we still see that in actual practice no such conditions as the 
above are observed. Dr. Hann has tried to show, by observa- 
tions at high level stations in Europe, that the diminution of 
temperature in the centre of a storm and where the air is satur- 
ated is very much greater than in the dry air of a high area. 
His deductions, which are so emphatically contrary to the above 
theory, are based upon an entirely erroneous use of observations. 
The truth, however, still negatives the theory. A study of forty 
storms and high areas which have crossed Mt. Washington in 


the winter season have shown the following facts: 


HIGHT IN FEET IN WHICIL TEMPERATURE DIMINISUED I 


Theory. | East Side. Center. West Side. 





290 : 150 
280 450 290 
This table shows a great difference between theory and obser- 
vation on Mt. Washington, and such as cannot be explained away. 
It is plain that the mountain side would affect the temperature 
slightly, but this would be a small matter. Balloon observations 
alone can settle this question, and these, so far as made, give 
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absolutely no help to this hypothesis. It is probable that when 


astorm is crossing any point the temperature during the day 
time changes little or none up to 2000 or 3000 feet. When the 
cloud is reached the temperature continues the same, or is a very 
little less for several hundred feet, but as the top of the cloud 
stratum is reached the temperature rises enormously, and after 
the cloud is passed the fall is about 1° in 300 feet in sunshine. 

7th. It seems impossible to consider that there can be vertical 
columns of air of different density in a frictionless medium. 
While balloon observations have shown horizontal strata of 
cloud of different temperature in the atmosphere and an insen- 
sible gradation from one to the other, and cloud observations 
have shown the same, yet the case is very different with a vertical 
column, where the tendency of the air would be to restore the 
equilibrium at once, and it is probable that no differences in 
density could be maintained, even if they could be begun at all, 
in a vertical direction in a column of air a mile in hight, for 
more than a few minutes. 

8th. How can the rushing of boards and debris into the upper 
air be accounted for except by an uprushing column? I think 
there is a frequent misconception of this condition, and many 
suppose that these objects rush into the partial vacuum which 
nature is supposed to abhor. If we think a moment, we shall 
see that even if a perfect vacuum should surround a stone or 
stick it would remain immovable, and in fact it would be less 
buoyed up by the exact mass of air equal to its own bulk. Even 
if this vacuum extended to the limits of the atmosphere, the 
condition would still remain. The only possible way in which 
the stone can be moved is by the rush of air flowing over and 
around it. Now, it is a very frequent observation that dust, 
leaves, branches, ete., are carried to a considerable hight by 
winds which are by no means abnormally great. So it is 
entirely probable that with the very high winds of a tornado 
objects of great weight may be carried to some hight. Cer- 
tainly it is not at all necessary to assnme that a partial vacuum 
must exist before this can happen, and as we have just seen, the 
only way in which this can act is by inducing a very high wind. 
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9th. Finally, the apparent bursting of a house can be ex- 
plained without resorting to the vacuum theory. It will be 
found that while the four sides «appear to go outward yet this 
is not the case. At Wallingford, Conn., there was one of these 
seerningly exploded houses. in which the N., E. and W. sides 
were thrown outward, but the S. side was foreed in under the 
roof, and both were almost directly over the cellar. This house 
stood on the north side of the track, and the appearance was pre- 
cisely the same as though the tremendous velocity of the wind 
had foreed in the south side like the blow from an enormous 
club, and the compressed air within had foreed out the other 
sides of the house. Still another explanation is that an elec- 
trical charge increases the air pressure within the house and 
produces a seeming bursting. 

CONCLUSIONS. 

Ist. The present theories of storm generation and develop- 
ment are exceedingly unsubstantial and will not bear serutiny. 

2d. Meteorology needs quantitative analysis and positive com- 
putations of cause and effect. 

3d. More than that, it needs, above all things else, positive 
information of the processes going on in the upper air strata. 

4th. There can be no release of latent heat by precipitation 
and subsequent increase of energy through the partial vacuum 
induced. 

5th. It seems probable that the processes of storm formation 
are almost wholly independent of temperature distribution in 
a vertical direction. 

6th. There is no marked vertical ascending air column in a 
storm centre and, if there were one it would very rapidly bring 
the whole process to an end. 

7th. The winds which blow about a storm centre are radial, 


or nearly so, at the outside, but gradually become more and 


more tangential and at the center are exactly so. This shows 
that there is no need of a vertical ascending current; it also 
shows that if there be any such -current it can only take 
place at the centre of the disturbance or of the curves of the 


isobars. 
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8th. The storm is probably entirely independent of the mo- 
tion of the upper current. 

9th. Our storms are whirls in the lower atmosphere extending 
to an hightof 5,000 to 8,000 feet. 

10th. The cause of storms is a mystery up to the present, 
but, reasoning from the behavior of thunderstorms, they have 
within them the force which keeps up their energy, and it seems 
most probable that this force is some manifestation of electrical 
action not thoroughly understood, but none the less real. 


May 16, 1889. 


THE ORGANIZATION OF THE METEOROLOGICAL SERVICE 
IN SOME OF THE PRINCIPAL COUNTRIES OF EUROPE. 


By A. LAWRENCE ROTCH, 
Member of the German Meteorological Society, and Fellow of the Royal (London) 
Meteorological Society 


HOLLAND. 


History and Organization.—The Royal Dutch Meteorological 
Institute at Utrecht, the official establishment for meteorology, 
which had been a private institution from 1849, was permanently 
established in 1854, under the control of the Minister of the 
Interior. The director is the eminent meteorologist, Professor 
Buys-—Ballot, who first stated publicly in 1857 the relation 


between wind and atmospheric pressure in the law which bears 


his name. 

The Dutch meteorological system has aimed from the begin- 
ning at combining reliable observations over the world with 
eech other, and thus showing the disturbauces oi ihe atmos- 
phere aud their mode of propagation. and at obtaining from the 
logs of merchant vessels statistical results as to the best routes. 
‘There is a department for Land and another for Maritime mete- 
orology. 

Staff and Budget.—The whole Institute is managed by a direc- 
tor-in-chief, Professor Dr. C. H. D. Buys—Ballot; the section for 
Land Meteorology is directed by Dr. M. Snellen; the section for 
Maritime Meteorology is directed by Baron P. F. van Heerdt; 
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the Amsterdam office is in charge of M. van Hasselt and the 
newly established branch at Rotterdam is under M. Arkenbout 
Schokke. There are in addition, at the central office, a secre- 
tary, M. Visser, a meteorologist, M. Engelenburg (both civil 
engineers), clerks and servants. The director is professor at 
the University of Utrecht, and the chief of the Maritime sec- 
tion is an officer of the Royal Navy. The salaries of each of 
the directors is about 2,000 fi. ($1,100), and the total sum ex- 
pended for salaries is about 19,000 fl. For current expenses, 
such as printing, instruments, ete., 11,000 fl. are appropriated, 
making an annual budget of about 30,000 ff. ($12,090). 
LAND METEOROLOGY. 

This department performs the following duties: 

(1) Carrying on meteorological and magnetic observations 
and comparisons in Utrecht. 

(2) Issuing daily weather reports. 

(3) Superintending the Dutch meteorological stations. 

(4) Conducting certain international work. 

The Central Office.—This is situated on a hill called the Zonn- 
enburg, rising from a canal in the southeast part of the city of 
Utrecht. It is a first-class station and has the following instru- 
mental equipment: The barometers, placed at a height of 13 
m. above the sea, are a normal siphon barometer, made in 
Utrecht, which can be read to .02 mm., an English cistern bar- 
ometer and a Wild—Fuess cistern siphon instrument which is 
now used as the standard. There is a barograph made by Ol- 
land, having a float resting on the mercury in the short leg of a 
siphon tube and connected to a lever, which multiplies the 
motion of the float four times. This is registered each six min- 
utes by a pen on the lever, upon a vertical revolving drum. 
The barometer tube is tapped automatically to overcome capil- 
larity, and the expansion of the mercury is counteracted by the 
expansion of the brass fulerum of the lever. A fixed pen traces 
the normal pressure. The ordinary thermometers are exposed 
outside a north window, protected by blinds on the east and west 


and by glass louvres. In the thermograph of Krecke, the 
unequal expansion of bars of glass and zine act on a lever and 
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register the height of the wet and dry bulb thermometers each 
five minutes upon a revolving cylinder. ‘The direction, force 
and velocity of the wind are recorded as follows: The spindle 
of the vane carries a cam, against which rests one end of a bell- 
crank lever, whose other end traces the wind direction upon a 
moving sheet of paper. The pressure-plate having a surface of 
1 sq. m. is attached to the vane and acts at right angles against 
a spiral spring whose tension is registered in kilos. upon paper 
placed below the direction sheet. The velocity is recorded on 
the same sheet by means of Robinson cups, which complete an 
electric circuit each time a kilometer of wind has passed. The 
rain and snow gauge, exposed on the flat roof, has a receiving 
surface of 4sq. dem. The rain runs into a cylinder suspended 
on a balance from the ceiling, so that the quantity can be read 
off from an index moving over a graduated one. Snow and hail 
remain on a strainer similarly suspended above the cylinder, 
and their total amounts are registered by an index. When 
melted, the resulting water passes into the cylinder, whence the 
total precipitation can be drawn off by a cock at the bottom. At 


night a continuous register is put in action, consisting of a drum 


turned by clockwork, against which a pencil attached to the cyl- 


inder bears. Another gauge is turned by a vane below it, and 
the water falls into a receptacle corresponding to the direction of 
the wind during the rain, accomplishing by somewhat different 
means the results obtained by the gauge at the Brussels Observ- 
atory. Evaporation from a freely exposed pan of water witha 
surface cf 4 sq. dem., balanced as in the rain gauge, is measured 
three times a day, the water added by precipitation being 
deducted. 

The Olland tele-meteorograph was the first instrument which 
recorded at a central station the indications of instruments at a 
distant station. It was invented by Prof. Baumhauer in 1874, 
and a model constructed by Olland of Utrecht was exhibited at 
the Philadelphia Exposition of 1876, and another at Paris in 
1878. In Utrecht an anemometer and barometer placed on the 
Cathedral tower, 103 m. above the ground, have for ten years 
recorded their indications at the Meteorological ‘Institute, 2 km. 
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distant. The barometer is a mercurial one whose cistern is sus- 
pended from a balance which moves a needle to the right or 
left over an are graduated in relief. On the axis of the needle 
is an arm provided with a platinum spring. Each quarter of an 


hour clockwork revolves the last-mentioned arm during which 


the spring moves over the graduations and the first needle. If 


these are connected with one pole of a battery whose other pole 
is connected with the arm, the current will be closed only when 
the spring touches a graduation or the needle. The current 
passes to the recorder where the style is carried by an electro- 
magnet. The cylinder upon which this style registers turns 
once on its axis while the arm makes a revolution, so that at 
each contact a line is made on the lamp-blacked paper covering 
the cylinder. During the revolution of the cylinder a row of 
short equi-distant lines which represent the millimeter scale 
are traced, and between two or coinciding with one is another 
line resulting from the contact of the needle and spring, which 
represents the height of the barometer at that time. An advan- 
tage of the instrument is that the scale is marked and so cannot 
be displaced. The isochronism of the transmitter and recorder 
is assured by a conical pendulum which is liberated by clock- 
work each fifteen minutes. In the same way the indications of 
other instruments such as the Robinson anemometer, the wind 
vane and the Krecke thermometer, may be recorded and perman- 
ently “fixed” by dipping the paper in gum solution. The price 
of this instrument is 2,100 fi. ($860). 

Measurements of atmospheric electricity were for twenty 
years made with a Peltier electrometer. A Mascart collector 
and the quadrant electrometer of Dr. Snellen are now used in 
connection with a photographic register placed in the cellar. In 
the same locality are the Lamont instruments for measuring 
magnetic variations in declination, horizontal and vertical inten- 
sity. For twenty years they were read directly, but for five 
years their indications have been automatically recorded by the 
Kew photographie apparatus. Each hour a clock operating a 
pneumatic shutter cuts off the light for a minute and a half in 
order to control the time. The instruments for absolute meas- 
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urements and some other variation instruments are located in a 
wooden pavilion in the garden. A set of the Lamont variation 
instruments which were read tri-daily for twenty years have 
been replaced by instruments of Dr. Snellen’s design which are 
observed through a single telescope. The absolute declination 
and horizontal force are determined by a Lamont theodolite, 
made by Edelmann, four times a year from the mean of six 
observations. The absolute inclination is also determined four 
times a year by a dip circle of Dover and by a Weber galvan- 
ometer whose coil can be revolved vertically or horizontally in 
the plane of the meridian. 

Weather Telegraphy.—Holland was oue of the first countries 
to use the telegraph for the dissemination of weather infor- 
mation, and regular communications to the seaports began al- 
most at the same time as the French. From June, 1860, baro- 
metric deviations from the normal were telegraphed to the sea- 
ports and made public by means of blackboards. The system 
differs from others in having the difference of the deviations of 
the barometer over a small extent of conntry as its basis. The 
observations used were those at Groningen, Helder, Flushing 
and Maastricht, situated at the four corners of Holland, which 
were telegraphed to Flushing, Utrecht, Amsterdam, Helder and 
Groningen, while the other ports only received them when 
the deviations in the north were 4 mm. smaller than in the 
south. Buys-Ballot was the first to carry out a system of storm 
signals ona government basis. Drums and cones correspond- 


ing to the English system were displayed at the ports in 1860, 


and when both systems were discarded in 1866 they were replaced 
at the Dutch ports by a semaphore apparatus called the aero- 
clinoscope. This is a mast with a pivoted cross-bar, which 
shows the direction and amount of the barometric gradient be- 
tween the four Dutch stations. Originally the indications of 
the aeroclinoscope held for 24 hours, but soon the evening con- 
ditions were given and it was even proposed by Buys-Ballot to 
record continuously at the chief stations, by telegraphic commu- 
nication, the barometric conditions at four other stations. In 
1880 the form of the reports was altered so that all telegrams 
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now have the international form, and are received, worked up 
and distributed by the branch office in Amsterdam, through 
the distributing centres of Rotterdam and Groningen. The cost 
of the telegrams is paid by the government. 

The Institute receives the 8 4. M. observation at 30 stations, 
including 6 Dutch, 6 Scandinavian, 3 English, 5 German, 10 
Belgian and French stations. Observations at 12:30 p. M. come 
from the four domestic stations on the borders of the kingdom 
and one foreign station, and those at 7 p. M. from the same out- 
lying Dutch stations. Utrecht also reports at 2 and 10 Pp. M. 
and Helder at 8 p.m. From the morning observations two 
charts are prepared, one having the isobars for each 5mm.. the 
direction and force of the wind, the other the isotherms for 
each 5°C. and the pricipitation from 5 to5 mm. A summary of 
the weather conditions as compared with the preceding day and 
predictions for the ensuing wind and weather are prepared. 
The charts are not published, but afew are drawn at Amster- 
dam and are posted there. By the side of this chart are shown 
the tabular weather reports of the morning, giving the baromet- 
ric deviation from the normal yesterday and to-day, direction 
and force of wind, sky conditions, temperature yesterday and to- 
day, rainfall, state of sea and remarks, with the greatest barometic 
difference between the Dutch and European stations to-day and 
yesterday. These reports are copied in part by the press. Morn- 
ing telegrams are sent in three groups of five figures each to 17 
ports, at noon to 15, and inthe eveningto 8. The telegrams are 
deciphered and exhibited at the ports. The direction and amount 
of the barometric gradient between the four outlying Dutch sta- 
tions is shown by the aeroclinoscope before mentioned, and at 
night a lantern is displayed when the indications are unfavor- 
able. 

The Stations, their Equipment and Observations.—There are 
six stations of the first order, viz., Utrecht, Helder, Flushing, 
Groningen, Maastricht and Amsterdam, which possess some 
recording apparatus, and three stations of the second order 
which observe pressure, temperature, precipitation, evaporation 
and cloud; 80 of the third order which observe precipitation, 
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weather and cloud; and about 350 thunder-storm observers. Of 
the latter there should be at least six in each district of 20 sq. 
km., but they are not evenly distributed. The observers are 
school-teachers, ete., and with the exception of the rain and 
thunder-storm observers are paid varying amounts. The sta- 
tions are not often inspected, but the observations are checked 
by comparing them each month with the observations at the 
neighboring stations, and when a doubtful observation has been 
detected, inquiry is made and an inspection follows. 

The barometer generally used is the closed cistern model with 
a reduced seale, made by Olland. The August psychrometer 
and Six maximum and minimum thermometer of German con- 
struction, are exposed outside a window protected by glass 
louvres and 1 to 3 m. above the ground. The rain-gauges are of 
zine with a receiver of 4 sq. dem., placed 1 m. above the ground. 
The water is measured in a glass graduate. A cylinder is added 
to the gauge for collecting snow, and if it is snowing at the time 
of observation another gauge is substituted while the snow is 
being weighed or measured. These gauges are made by Olland 
for 5 fl. ($2). Evaporation is measured by atmometers of vari- 
ous patterns with surfaces of from 0.5 to 1 sq. m. screened from 
radiation. The anemometers give either the wind force or veloc- 
ity, at other stations it is estimated on Beaufort’s scale. The 
instruments are supplied by the Institute when the observers or 
institutions do not furnish them. The barometers are verified 
before and after erection, the thermometers before being sent 
out from Utrecht. 

The hours for observations at the first and second order sta- 
tions are 8 A. M., 2 and 8 or 10 Pp. M., and at the third order sta- 
tions, 8 a. M. The maximum and minimum thermometers are 
read at 8 or 10 p. M., and the rain-gauges at 8 a. M. No special 
instructions have been issued except to the thunderstorm observ- 
ers. The barometer is reduced to sea-level by a constant cor- 
rection for each station, as no height above the sea amounts to 
50m. The tables of reduction are Guyot’s. The schedules are 


supplied partly at the observers’ expense and they have some 
liberty in the form. They are sent to the Central Office under 
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a government frank. The schedule for the first and second 
order stations is a single sheet with the days of the month 
grouped in decades in a vertical column, and these headings to 
the other columns: 

Maximum and minimum temperatures. 

Barometer in mm. reduced to 0? C.; morning, noon and even- 
ing. 

Temperature in C° of dry and wet bulbs and difference; 
morning, noon and evening. 

Vapor tension and humidity in mm.; morning, noon and even- 
ing. 

Precipitation and evaporation in mm., measured in morning 
and evening and daily total. 

Wind direction and force; morning, noon and evening. 

Cloudiness; morning, noon and evening. 

The monthly sums and means of these data are calculated. 
The time since 1885 is counted from midnight on the 24 hour 
system and fractions of hours are expressed in tenths. The 
schedule for the third order stations is a smaller sheet with the 
days divided into periods of five. The observations are: 

Character of the weather during the preceding night to 
5 A. M. 

Cloudiness and amount of precipitation, measured at 8 A. M. 

Character of the weather from 8 a. M to about 10 Pp. M. 

Hydrometeors expressed in the international and other sym- 


bols with their hours of occurrence. 


Remarks on plants and animals. 


The thunderstorm schedules each contain the data for one 
storm with the parish and province in which it occurred and the 
time of oeeurrence, also the following questions to be answered: 
Was the storm far or near; when was the first thunder heard; 
when was the storm nearest; when was the last thunder heard; 
in what direction were the thunder and lightning; in what 
direction did the clouds move and with what velocity; what was 
the wind direction and force before, during and after the storm; 
when did the rain begin; how heavy was it; when did it end; 
when did hail begin, when did it end, and how heavy was it? 
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Was there damage by the storm? Another sheet to be filled 
out in case the latter occurred from lightning inquires the 
details of (1) the striking of persons or animals, and (2) of the 
striking of buildings, ete. Postcards have also been used for the 
thunder-storm reports. 

The schedules of observations sent to Utrecht are checked, 
reduced and published. Before the Institute became a govern- 
ment institution in 1854 the publications were entitled AMefcoro- 
logical Observations in the Netherlands. Since 1854, the volumes 
are called Dutch Meteorological Yearbooks, and contain the tri- 
daily observations at seven to ten stations, rain, phenological and 
other observations at 30-60 stations; further, the deviations of 
the pressure and temperature from the normals and a record 
of the meteorology of the year. The thunderstorm observations, 
begun in 1881, have been published in an annual volume until 
recently under the superintendence of Dr. Snellen, but the ser- 
vice is now directed by M. Engelenburg. This volume is pre- 
sented to the codperating observers, and it is the only recom- 


pense given. About 300 copies of the Yearbook are distributed 


free. 

International Work.—Dr. Buys-Ballot has for many years 
endeavored to bring about a meteorological publication of an 
international character. For this purpose he has published in 
the second part of the Yearbook since 1865, data referring to 
the weather conditions over the whole of Europe, including also 
some important stations in other parts of the globe, such as 
detailed observations in Paramaribo, Nagasaki, Buenos Ayres, 
ete. The second parts of the Yearbook for 1866 to 1869, contain 
the deviations of the daily atmospheric pressure and tempera- 
ture for the principal European stations, as well as a review of 
the rain and wind relations of the globe. The more recent vol- 
umes, 1870, 1871, 1872 and 1873, contain, besides, long series of 
temperature and pressure observations in Europe, as well as the 
corresponding means for the month and for each three days. 
Since 1876 the observations have been extended more and more 
over the Northern hemisphere. The Yearbook for 1879 gives 
the daily deviations for 150 stations. 
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MARITIME METEOROLOGY. 

Holland was one of the first countries which carried out the 
programme adopted at the Brussels Maritime Conference of 
1853, and sent its observations at sea to Lieut. Maury, in Wash- 
ington. Upon the proposal of Buys—Ballot, an office for Dutch 
maritime meteorology was created, and the collection and work- 
ing up of the observations made on the Dutch war and mer- 
chant ships was entrusted to it. The Amsterdam branch of the 
Meteorological Institute was established in 1881, and the Rot- 
terdam branch in 1889. 

Branch Offices—That at Amsterdam is situated on the Handels- 
kade, in the vicinity of the docks. Here barometers, compasses 
and sextants belonging to sea captains are compared, English 
and other maritime charts corrected for their use, and work of a 
practical nature done. Weather bulletins and storm warnings 
are issued from this office, as has been before mentioned. The 
meteorological equipment of the station is of the first class and 


comprises an Olland meteorograph and the usual meteorological 


instruments for eye readings. 

The Rotterdam office situated at Tryenvord, on the left bank 
of the river, is equipped similarly with magnetic and astronom- 
ical instruments, but does not yet possess a complete set of 
meteorological instruments. 

Observations on Board Ship.—Sea captains who signify 
themselves ready to take regular observations receive from the 
Maritime branch of the Institute the following instruments, 
costing about 150 fl. ($60), viz.: 1 cistern barometer, 1 
Naudet aneroid, 1 August psychrometer, 1 thermometer and 
two hydrometers with thermometers, also an extract-journal, 
or log-book, with instructions for entering the observations. 
Observations are collected from men of war and mer- 
chantmen, but hygrometrical observations are not required 
from the latter. The required data are the ship’s position 
at noon, dead reckoning, direetion of currents, barometer, wind, 
sea and air temperatures and weather. The two forms of ex- 
tract-journals, the larger having 24 vertical columns for en- 


tering observations each two hours, and the smaller, 19 columns, 
8 
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differ but slightly from the log-books of the London Meteoro- 
logical Office, which has 26 columns. For the classification of 
the quality of the log-books received, the terms “excellent,” 
“very good,” “good” and “mediocre” are applied. The cap- 


tains receive no remuneration except the publications of the 
Maritime department of the Institute, which also reeommends 
the captains to the various societies which exist in Holland to 
promote navigation. Thus, a society in Rotterdam awards a 


silver medal for two good log-books, and a gold medal for six of 
them, and other societies in Amsterdam, Haarlem, etc., do the 
same. 

Reduction of the Log-books.—After the log-books are checked 
and reduced they are treated as follows: Each journal is copied 
on schedules with the same headings as the original. One side 
only is ruled and each line has the number of the journal to be 
copied, in order later to correct errors which may be dicovered 
by reference to the original. It also has the place and date 
of observation. These sheets are cut into horizontal strips, so 
that each strip contains only the observations made in the same 
latitude and longitude. The strips which belong to the same 5° 
or 10° square are kept in envelopes and again classified so that 
those belonging to the same month are bound together. If 
there is enough material for a special investigation, the strips 
are again arranged according to time and place, and the mean 
values required for constructing charts are determined by laying 
the strips together. A more complete description of the method 
of collecting and reducing the observations will be found in 
Suggestions on a Uniform System of Meteorological Observa- 
tions and the Sequel to the Suggestions, published by Buys-Bal- 
lot, in English, at Utrecht, in 1872 and 1873. 

Since by far the greater part of the observations collected re- 
late to routes to the East Indian colonies and the China Seas, 
special attention has been given to the meteorology of these 
regions. The first publications of the Maritime section were 
of a more general nature and are now out-of-date or have bzen 
replaced by later publications; the more recent ones relate to a 
single meteorological element only, such as wind, barometer, sea 
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temperature, etc., and differ thereby radically from the charts of 
the London Meteorological Office, upon which several elements 
are represented. 

Following is a summary of some of the principal works pub- 
lished by the Maritime section of the Institute: Investigation 
on Sea Temperatures and Currents, 1853, ’61,’67,°72; Trade 
Wind Chart, 1856; Wind Chart of the N. Atlantic, 1856; Gen- 
eral Wind Chart, 1860; Slorm, rain, etc., Charts, 1862; Atlas and 
4 Charts of the China Sea, 1863; Monthly Wind Charts of the N. 
Atlantic, 1877, ’79; Suiling directions to and from Java, 1860, 
’68,°70; Mean Barometer around the Cape of Good Hope, 1874; 
Routes in China Seas and the Western part of the N. Pacific, 
1879; Routes for Steamers between Aden and the Straits of Sunda 
1871,’72,’81. This department has also investigated the meteor- 
ology and typhoons of the China Seas, and has supplied the 
Deutsche Seewarte with data for the N. Atlantic, N. of 20°, in 
exchange for data required for its own investigations. At pres- 
ent the work in codperation with the Deutsche Seewarte is upon 
the S. Atlantic and independently upon the Indian Ocean. 


ANEMOMETER STUDIES. 
By PROFESSOR C. F. MARVIN. 


In view of the discussion in Science and this JourNAL of 
results of anemometer experiments recently made in England 
and in this country, I desire to bring together certain points 
that have arisen in dispute and briefly present the various facts 
in a more connected form than has obtained in the previous dis- 
cussions. We may in this way reach some final conclusion. 

In the English experiments two distinct patterns of anemom- 
eter were used. One was the ordinary Robinson anemometer, 
the other was of recent design and designated the helicoid ane- 
mometer. In respect to the manner in which the wind operates 
to drive the latter of these anemometers it is, in general, very 
similar to the well-known Casella air meter and all the ordi- 
nary wind mills so common throughout the country. By means. 
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of a tail or wind-vane attachment tlie instrument is made to pre- 
sent itself properly to the wind, which, in pressing against the 
inclined faces of the blades or sails, sets up, under these cireum- 
stances, the rotation. The pressure on each sail or blade, of 
which there are several, is effective in causing rotation. In the 
Robinson anemometer, on the other hand, the pressure on cer- 
tain of the cups is to directly oppose the rotation, which, in this 
case, results from the difference of two pressures, and net from 
a direct pressure as in the former instrument. In the Robinson 
anemometer the pressure of the wind within the hollow concave 
surface of one set of hemispherical cups is opposed to that upon 
the rounded convex portion of an equal and opposite set of cups. 
It is important that these differences in the two kinds of ane- 
mometers be kept in mind while studying the results. 

The experiments made in England were carried on in the 
open air with winds blowing at various velocities up to 4 miles 
per hour. The results obtained under these circumstances are 
very discordant for the Robinson anemometer and very uniform 
and satisfactory for the helicoid anemometer. The question is 
how shall we account for this? Some are inclined to attribute 
the irregularities almost entirely to the unreliable performance 
of the Robinson anemometer. This cannot be admitted unless 
the grossest neglects have obtained in its construction and use. 

In the whirling machine experiments made by the Signal 
Office the greatest irregularity was found in the results when 
the whirler was set up in the War Department court, at which 
place it was found impossible to cut off all influence from nat- 
ural wind movement, though the latter was very small. After- 
wards, when the very same anemometers were tested in the Pen- 
sion Office court, where the air was perfectly still, the results ob- 
tained were not only noticeably different from the former, but 
repeated determinations exhibited a remarkably close agreement. 
The results thus obtained prove conclusively that at ordinary ve- 
locities the greatest dependence can be placed upon the perform- 
ance of the Robinson anemometer. It is observed further that 
the irregularities found in the English experiments and those 
made in the War Department court are, in some way, connected 
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with and attributable to the influence of the natural wind. 

Professor Hazen in Science, and more fully in the May num- 
ber of this JOURNAL, maintains that the ordinary influence of 
the natural wind, which influence is to slightly increase the 
relative velocity of the anemometer, is entirely sufficient to 
account for all the irregularities observed in the experiments. 
A close study of all the data, however, shows that this can 
hardly be true. 

The influence of the prevailing wind, as referred to above, may 
be found as follows: When the anemometer, in addition to being 
moved on the whirler at a velocity V is also influenced by a 
natural wind movement of velocity W; the resultant velocity of 
the anemometer relative to the air is found to be 

R=Vv V?+ W*—2V Weos.¢ 
where @ is the angle between the two directions of motion. The 
value of @ is continually changing as the whirler revolves, so 
that to find the mean value of the resultant for a whole revolu- 
tion we must sum up all possible values and divide by the num- 
ber. The above expression can be expanded into a series and 
the mean obtained by methods of caleulus with the following 
result: 
ae + el ete. {, 
(  4V? 64s \ 
a series which will give R with sufficient accuracy when W is 
not too large in relation to V. 

This enables us to calculate the effect of a prevailing wind in 
increasing the velocity of the anemometer relative to the air. 

Professor Hazen shows (this JourNAL, May, 1889, pp. 9 and 
10) the resultant velocity of the anemometer, relative to the air, 
to be over 100 per cent. greater than the velocity of the whirler 
when the wind velocity is twice as great as that of the whirler, 
and when the two velocities are equal the mean resultant is 25 
per cent. greater than either. When the velocity of the disturb- 
ing wind is one-half the velocity of the arm, the resultant is 6 
per cent. greater than the latter, and, finally, a wind of velocity 
one-fourth that of the anemometer produces a resultant only 1.6 


per cent. greater. Of course no importance whatever attaches to 
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the large increase in the first two cases cited, as no investigator 
would think of working under such conditions, nor can any con- 
clusions be drawn from such facts. The last two cases giving a 
difference of 6 per cent. and 1.6 per cent., respectively, hardly 
sustain Professor Hazen’s argument, as the discrepancies he 
wishes to account for are larger than 6 per cent., and the wind 
movement cannot be placed much larger than to correspond to 
the last of the above cases, and which requires a correction of 
only 1.6 per cent. 

In order to account, by Professor Hazen’s method, for the 
discrepancies shown by him in the English experiments (MET. 
JOURNAL, March, page 496), the wind in the meantime must 
have been blowing from 12 to 28 miles per hour, a condition of 
things entirely inadmissible. The velocity of the wind during 
the experiments is stated, by the committee, to have sometimes 
attained to four miles per hour. We cannot, therefore, attrib- 
ute the discrepancies to the influence, as above understood, of 
the’ prevailing wind. Furthermore, even assuming that the wind 
actually was directly accountable, why are not the results with 
the helicoid anemometer similarly affected? Professor Hazen 
in his first paper, page 496, explains this by saying that the 
helicoid anemometer “was affected very slightly, if at all, by 
the free air currents which could operate upon it only at two 
portions of the whirl and where they practically balanced each 
other.” It will be remembered the helicoid had a vane to keep 
it in the direction of the resultant wind. The above statement, 





therefore, is hardly consistent with the facts. In his second 
paper, page 11, he says: “The tendency of the vane would be to 
place itself normal to the arm, and before the free wind could 
overcome this the arm would move to another portion of the 
whirl where the wind would tend to move the vane in the oppo- 
site direction.” This reasoning seems very faulty. The “ten- 
dency of the vane” would undoubtedly be to place itself in the 
direction of the resultant wind. This is its sole purpose, and 
though doubtless the mechanical action may have been some- 


” 


what imperfect on account of friction, yet, considering the gen- 
eral delicacy of the instrument as a whole, we cannot think 
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otherwise than that the vane followed quite closely the direction 
of the resultant wind, in which case, the helicoid, so far as being 
subject to the direct-wind influence, is cireumstanced exactly as 
the Robinson anemometer; both experience equally the resultant 
of the two motions, viz., of the arm and of the prevailing wind, 
and since the results for the helicoid anemometer are quite 
regular we see no good reason for questioning the statement of 
the wind force committee, which gives four miles as the limiting 
velocity of the disturbing wind. Professor Hazen’s table, and 
also the above formula, give the correction for such a wind at 
moderate and higher velocities of the whirler as one or two per 
cent. only, a quantity comparable with, or even smaller than, 
unavoidable errors of observation. In view of these facts we 
are compelled to reject the explanation offered by Professor 
Hazen as insufficient. 

While engaged upon certain anemometer comparisons in the 
open air it occurred to me a plausible explanation of these dis- 
crepancies was to be found in the circumstance that the Robin- 
son anemometer cups, of ordinary weight, when made to revolve 
on their own axis in still air will be brought to rest more quickly 
if the direction of rotation is such as to cause the concave sides 
to advance against the air than for rotation in the opposite 
direction. This fact is not only subject to, but is also the result 
of, direct experiment (Mer. Journat, April, page 562), and 
leads to the conclusion that if, for any reason, the cups in a 
steady wind have a velocity greater than that due to the wind, 
they will be retarded Jess rapidly than they will be accelerated 
when their velocity is less than that corresponding to the wind. 
Since the resultant velocity on a whirling machine operated in a 
wind is continually changing its value and varies between quite 
wide limits, it would follow that the mean velocity of the Robin- 
son anemometer would be higher than would correspond to the 
mean resultant velocity. The details of this explanation are 
given in this JournaL for April, and in Science of March 29. 
Although developed independently by myself, it appears Profes- 
sor Stokes was the first to consider this action and gave a form- 
ula (Proc. Roy. Soc., 1881, XXXII, page 174), in which the cor- 
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rection necessary with a Robinson anemometer of large moment 
of inertia and whirled in a natural wind, is three times as great 
as that determined by Professor Hazen or deduced from the 
above equation, and we might add, or that required by the 
helicoid anemometer. 

Prof. Hazen credits the principle of this explanation with 
being “dangerously near the much sought after perpetual 
motion;” all that is needed is to lessen still more, in fact to 
remove entirely, the air resistance to the cups and other inter- 
nal frictions and set the cups going. You will then have your 
perpetual motion. He also cited the case of the wind giving a 
momentary impulse to the cups and then ceasing entirely. This 
is exactly in support of the present explanation. Everyone 
familiar with anemometers knows how long the cups will con- 
tinue to revolve after the impulse has ceased; every turn is reg- 
istered on the dials as so much wind movement. 

The crucial test to disprove’ Prof. Stokes’ theory is pointed out 
to be the fact that in my own experiments the heavily weighted 
cups gave almost identical results with the lighter cups; that is, 
gave from two to six percent. more wind. Thisis just as one might 
expect. Many of the fluctuations in the wind velocity are very 
sudden and recur at moderately short intervals, say of a minute 
or less. When the momentum of the cups is sufficient to carry 
them across this interval at nearly full speed, this is all that is 
needed. The experiments show that the cups as ordinarily made 
nearly satisfy this condition, so that increasing the moment of 
inertia two or three times was able to cause only a comp ra- 
tively small gain after all. 

It is admitted an easy matter to pick out a two minute velocity 
of remarkable peculiarity, but why is it possible to select hun- 
dreds of them that systematically indicate the same thing? 
Doubtless further experiments are needed before final results can 
be obtained, but it appears the momentum theory explains in a 
very satisfactory manner the greater part of the discrepancies 
found in experiments made in the open air, while that for which 
Prof. Hazen argues is evidently entirely insufficient. It is my 
intention to make astill further study of the agreement of differ- 
ent anemometers in the open air, but of late my attention has 
been so fully occupied with other important work that it has been 
impossible to give more than passing thoughts to the matter. 


June 13, 1889, 





























State Tornado Charts. 





| ore8"See ouieies 


wemenece 
© © lessee | sheer UV i 


— i tadaameaieiend i a a os 


TORNADOES IN IOWA, 
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By LIEUT. JNO. P. FINLEY, SIGNAL SERVICE, U.S. A. 


TABLE I.—T'ornadoes in Towa. 

Period of observation, 52 years, 1837-1888. 

Total number of storms, 128. 

Year of greatest frequency, 1886,— 26 storms. 

Average yearly frequency,—7 storms. 

Year in past (10) ten years no report of storms,— none. 

Month of greatest frequency, June,—37 storms. 

Day of greatest frequency, April 14th,— 19 storms. 

llour of greatest frequency, 4 to 5 P. M. 

Months without storms, January and December. 

Prevailing direction of storm movement, NE. 

Region of maximum storm frequency, central, southeast and western 
portions. 
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Current Notes. 
CURRENT NOTES. 


THE METEOROLOGICAL OBSERVATORY OF THE MADGEBURG ZEI- 
TuNG.—The seventh year-book of this noteworthy enterprise is 
for 1888, and appeared early in the year. An account of the 
enterprise was given in the early volumes of this JOURNAL. 
There has been little change in the interval except the change 
in director from Dr. Assmann to Herr Gritzmacher and the 
improvement in details which always follow in an important 
undertaking earnestly carried on, as is the case with this. 

Tue Report oF THE Kansas StTaTeE Board OF AGRICULTURE 
for the quarter ending March 31, 1889, is chiefly occupied by an 
illustrated paper on the native grasses of Kansas, by Prof. W. 
A. Kellerman, and short articles on the irrigation question, by 
Prof. G. E. Curtis and others. There are also reports of cor- 
respondents on the condition of crops, fruit, live stock, ete., 
and the bulletin of the Kansas Weather Service, which is 
directed by Prof. J. T. Lovewell, assisted by Sergeant Jennings 
of the Signal Corps. In the verification of the Government 
indications for March we note that five stations report 100 per 
cent. verified for weather and three stations do the same for 
temperature. When it is considered that a failure on one day 
would lower the percentage by more than three per cent., it is 
evident that the verifications are not trustworthy. The percent- 
age of cold waves verified is put at 81 per cent., but it is prob- 
able that the number of cold waves for which no warnings were 
given has not been included in the estimate, since the official 
verifications of cold wave warnings in March throughout the 
whole country is only 62 percent. A. L. R. 


THE SIXTEENTH ANNUAL Report of the Secretary of the 
Michigan State Board of Health has recently been issued. It 
contains detailed tables of the meteorological conditions in 
Michigan during 1887, compiled from the reports of observers 
for the State Board of Health and for the United States Signal 
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Service, and the data are also plotted graphically. The table 
showing the hourly velocity of the wind for each month and 
the year at Lansing is valuable because so few data have been 
published in the United States concerning the diurnal period of 
the wind. Itis stated that the anemometer used at the stations 
was Robinson’s, except Gibben’s at Ann Arbor. As a matter of 
fact, all the anemometers with four hemispherical cups are of the 
Robinson pattern, and the electrical recording apparatus used 
by the Signal Service is that of Gibbon. It is of much greater 
importance to know the exposure of the various instruments, 
since anemometers differently placed in the same town show 
great differences in the amount of wind recorded. 

The ozone observations, which have been conducted for ten 
years, are interesting, though we do not think that the method 
of testing it by Schonbein’s paper is satisfactory. The quantity 
of air passing over the paper and the moisture of the 
paper itself affect greatly its discoloration, and these con- 
ditions are influenced by its exposure, though we can hardly 
suppose the composition of the air varies within these limits. 
The amount of ozone at night, in Michigan, is seen to be 
greater than during the day, notwithstanding the decrease in 
wind velocity at night, but it is possible that the increased hu- 
midity then, rendering the test paper more sensitive, more than 
counteracts this circumstance. 

The remainder of the volume is occupied with interesting 
investigations by Dr. Henry B. Baker on the time of greatest 
prevalence of each disease in 1887 and on the relations of cer- 
tain meteorological conditions to the diseases of the lungs and 
air passages and by reports on contagious diseases, etc., There 
is a copious index to the 277 pages. A. L. R. 

THe SpecTRE OF THE Brocxen.—A writer in Ciel et Terre 
discusses the phenomenon of gigantic shadows of persons seen 
on the clouds around a mountain, and shows that the theory that 
the sun could form a magnified image as well as a candle is 
incorrect. The sun’s distance is only about one hundred times 
its diameter, consequently the rays emanating from the edges 
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of the sun and passing on each side of the observer meet at a 
distance beyond him equal to one hundred times the size of his 
body, or at about 157 feet. At this distance there will be no 
real shadow but a penumbra twice as large as the body and 
increasing at the sides. At any distance less than 157 feet there 
will be an umbra and a penumbra, the umbra increasing and 
the penumbra decreasing as the man is approached. Beyond 
157 feet the penumbra will be larger and lighter, becoming more 
indistinct as it recedes. In this calculation the question of 
diffraction has not been considered. From some experiments 
made by the author, a human shadow on the ground, showing 
the legs and arms distinctly, could not be seen beyond 56 feet, 
and a good shadow of an alpenstock could not be formed beyond 
26 feet. These distances may vary a little according to the brill- 
iancy of the sun and the nature of the ground on which the 
shadow is cast. There is no definite line of demarkation between 
the umbra and penumbra, and it is impossible to say where one 
begins and the other ends, and it is even difficult to fit the limits 
of the penumbra. 

All the pictures which have been published of men and their 
spectres are purely fanciful. Two men may be able to see their 
respective spectres if they are standing very near one another, 
but no one, so far as the writer’s knowledge goes, has seen a 
man and his spectre at a sufficient distance to sketch them. 
Having shown that a shadow larger than nature is impossible, 
and that a distinct shadow cannot be formed at the distances 
alleged, the enormous size of the shadows which figure in the 
descriptions are explained as the result of an error in the esti- 
mation of the distance. The observer thinks that the shadow is 
very large and very far away whilst it is very near and of natural 
size. In the majority of these cases, each observer sees only 
his own shadow and not those of his companions. 

A shadow on fog is not like a shadow on a wall; a part of the 
shadow is thrown upon particles of water situated at a certain 
distance and other parts on particles at other distances. Conse- 
quently, the shadow can only be seen by a person who looks at 


it from the spot where the person is whom it reproduces. If 
9 
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the shadow was really a long distance off there would be no 
difficulty in another person seeing it, provided he was a short 
distance from him who made it. In many cases the shadows of 
the arms can only be seen when they are moved. This may be 
explained by supposing that the shadows of the arms in motion 
are thrown on a nearer cloud than that on which the remainder 
of the shadow was seen, this being too faint to be seen at rest. 
Being nearer, this shadow appeared gigantic. 

This explication of the apparently enormous size of the shad- 
ow was given by Professor Lommel in Wind und Welter, in 
1873, but he does not claim it as original. 

As sustaining the theory stated above, the following account 
of the phenomenon as seen from Pike’s Peak in 1878, by so 
accurate an observer as Prof. 8. P. Langley, is quoted from his 
“New Astronomy”: “Directly opposite the setting sun and on 
the mist over the gulf beyond us, was a bright ring, in whose 
centre were three phantom images of our three selves, which 
moved as we moved, and then faded as the sun sank. These 
ghostly presentiments were tolerably defined but did not seem 
to be gigantic, as some have described them. We thought 
them close at hand but before we could determine, the vision 
faded.” A. L. R. 


A MereoroLoaist oN His Travecs.*—The title of this note 
expresses the exact purpose of this book, and when we add that 
the meteorologist in question is a thoroughly competent one, that 
the book is excellent from a purely book-making point of view, 
clear and interesting in style and typographically attractive, our 
readers will see that it is worth possessing. The author has 
visited the most of the latitudes between the Arctic and Antarc- 
tic circles, and has everywhere found something interesting to 
tell; generally these interesting matters are meteorological, but 
sometimes they relate to other things. In every case he has 
successfully escaped the banale, typeworn commonplaces of the 
ordinary books of travel nowadays. For further information we 





*Seas and Skies in many Latitudes, or Wanderings in Search of Weather, by the Hon, 
Ralph Abercromby, F. R. Met. S. London: Edward Stanford, 1888. Octavo, 447 pages, 


with maps and many illustrations. 
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must refer our readers to his pages themselves,—only remarking 
that the author preserves in this book a characteristic which is 
marked in his “ Weather,” and that is suggestiveness. It is 
noteworthy, for instance, how much of novelty he finds in his 
two visits to the States, to suggest to some of us who have spent 
the most of our lives in them. We are glad to see that he parts 
with us with some words of hearty commendation for the Signal 
Service. 

THe Breriocrapny oF Temprerature.*—-This copy of the 
type-writer sheets of the bibliography of temperature is of very 
great interest, both for itself and for the promise it gives of our 
eventually having a full bibliography of meteorology. That 
such a bibliography is needed may be seen from the fact that 
this volume contains about 2,000 authors and 8,000 titles. This is 
only for temperature; the entire number of titles now is 56,000. 

The general classification to be employed in the full work is 
as follows: The three general divisions are General, Theoretical, 
and Applied Meteorology and Observations. Under the first 
division the subdivisions are history and bibliography, general 
and collective works, organization and method, and instruments, 
the latter with eight subbeads. Under theoretical meteorology 
are physics of the atmosphere (including temperature, moist- 
ure, pressure, optical phenomena, and electrical phenomena), 
mechanics of the atmosphere (including general circulation, 
winds, and storms), and cosmic relations of meteorology 
(influence of the moon, planets, and sun spots, and phenomena 
attending eclipses). Applied meteorology is subdivided into 
weather predictions, agricultural meteorology, medical meteor- 
ology, and climatology. The observations are to be arranged 
geographically. 

The present part (temperature ), which is a subhead of a sub- 
division, is further subdivided into temperature in general, solar 


*The Biblography of Meteorology, a classed catalogue of the printed literature of 
meteorology, from the origin of printing to the close of 1881; with a supplement to the 
close of 1887, and an author index. Prepared under the direction of Brig. Gen. A. W. 
Greely, Chief Signal Officer U.S. Army; edited by Oliver L. Fassig, Biblographer and 
Librarian, Signal Office. Part I, Temperature. Washington: Signal Office, 1889. Litho- 
graphic reproduction of type-written eopy; quarto: 381 pages. 
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radiation, terrestrial radiation, periodic variations, non-periodic 
variations (with six subdivisions), vertical distribution, hori- 
zontal distribution, temperature of earth, temperature of ocean, 
temperature of lakes and rivers, temperature of springs, ground- 
ice, calculation of mean temperature, and temperature of space. 
The references are arranged chronologically under each one of 
these heads, and the 325 pages filled by them are followed by 
the 55 pages of an index of authors. 

The work has been done by Mr. C. J. Sawyer, assisted by Mr. 
O. L. Fassig and Mr. H. E. Hilton. Mr. Sawyer resigned in 
1887, and Mr. Fassig was then made librarian in his place. The 
card catalogues of Mr. G.J.Symons, of London (18,000 titles), 
and of Professor Abbe (11,000 titles), were employed, and the 
aid of many eminent and interested gentleman scattered over 
the earth’s surface was freely given. The work seems to be 
accurately done and quite exhaustive, at least up to 1881. In its 
present form it is probably intended only for temporary use. It 
is to be hoped that Congress will authorize the publication of 
the entire bibliography. It would be a great boon to the 
science to which it relates. 

A New Form or Setr-REGISTERING Sor, THERMOMETER.— 
Prof. Milton Whitney, professor of agriculture and vice-director 
of the experiment station of the University of South Carolina, 
has devised a modification of Six’s thermometer for soil temper- 
ature. The bulb is six inches long, protected by a metallic 
cylinder perforated with many holes, and is buried in the soil so 
that it shall extend from three to nine inches below the surface 
of the soil; the maximum and minimum scale being of course 
above the soil and arranged very much as in the ordinary Six’s 
form. The long bulb allows of a good height of scale, while it 
is narrow enough to respond readily to changes of temperature. 
In a series of readings the instrument gives exactly the mean 
of the readings of a three, six, and nine-inch thermometer of 
the usual form, placed beside it at these respective depths in 
the soil, besides recording the maximum and minimum temper- 
ature. This height of bulb and depth in the soil was decided 
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on, as it is supposed to be the depth which contains most of the 
roots of the ordinary cultivated plants. The instrument need 
only*be read once a day, besides saving an immense amount of 
calculation and tabulation attending the tri-daily readings of the 
six to eight instruments comprising the sets of the usual form. 
The cost is very much less ($10) and from its simplicity and 
compactness and little attention needed, it is well adapted for 
distribution over a State to stations cooperating with the Signal 
Service, or to place in the hands of other competent and inter- 
ested persons, to be placed in soils of different character from 
the home station. Several instruments have been made for the 
South Carolina experiment station by H. J. Green of New York, 
and they are giving great satisfaction. There is some risk in 
transportation, as the index is liable to become imbedded in the 
mercury, which necessitates sending the instrument in an up- 
right position in a box fitted with gimbals. 


DiIvuRNAL OSCILLATION OF THE BAROMETER.*—In this memori 





Dr. Hann proposes to himself the inquiry: If the diurnal oscil- 
lation of the barometer is due tothe solar radiation, should there 
not be a yearly variation in its amount with a maximum at peri- 
helion and a minimum at aphelion? As the solar radiation is 
one fifteenth greater at perihelion than at aphelion, it seemed 
probable that such a variation should be found. Harmonic 
analysis with numerical computations, not graphic, was employed 
in the study of over one hundred records of hourly observa- 
tions. The formula assumed a daily, a bi-daily and a tri-daily 
tide, and the results gave not only a reply to the inquiry with 
which Dr. Hann started out, but also afforded a crowd of other 
interesting facts, some of which were unexpected. 

The answer to Dr. Hann’s inquiry was in the affirmative and 
the quantitative annual change in the amplitude of the bi-daily 
tide was greater than was requirel by theory. Besides, a 
remarkable uniformity of phase was found in this tide; the 
amplitudes also decrease with elevation above the sea about in 








* Untersuchungen iiber die tiigliche Oscillation des Barometers von Dr. J. Hann, W. M. 
K. Akad., besonders abgedruckt as dem LV. Bande der Denkschriften der Math.—Na- 
turw. Classe der Kaiserlichen Akademie der Wissenschaften, Wien, 1889. Quarto. 73 
pages 
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the ratio of the air pressure; and they also decrease with lati- 
tude, disappearing near the arctic circle. 
change in amplitude, coincident with the earth’s position:in her 
orbit, there was a larger biennial period with maxima at the 


equinoxes. 


The diurnal tide is very variable in phase and in amplitude 
and seems, totally unlike the bi-daily tide, to be much depend- 
ent on local conditions. 
increased in mountain valleys. 
unsuspected, and apparently put in his formula by Dr. Hann 
simply to complete it and take up casual numerical variations, 
comes out very small in amplitude but surprisingly uniform in 
phase, and has in addition an astonishingly uniform annual 
period with a maximum near the winter solstice and a minimum 
Dr. Hann therefore concludes that the 





near the summer one. 


tri-daily element is not illusory, but an essential constituent of 
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For instance, the amplitude is much 
The tri-daily tide, hitherto 


the diurnal oscillation of the barometer. 





Besides the annual 


RELATION OF Ratn—AREAS TO AREAS OF HIGH AND Low 


PRESSURE. 


Professor Loomis’s twenty-third paper, of his series 


of Contributions to Meteorology, published in the American 


Journal of Science, relates to rain-areas. 


The 


treatment 


is 


statistical: the statements are so condensed that only a republi- 


vation of the entire paper could convey to our readers a just 


idea of 


its value. 


reproduce only some 


author himself. 


D5 


The conditions favorable to rain-fall are: 
A. One of the most common causes of rain is an unstable condition of 
the atmosphere resulting from an unusually high temperature combined 


with 


unusual 


humidity. 


Lack of space prevents this, and we will 


general conclusions in the words of the 


This condition of the atmosphere is most 


frequently found where the barometric pressure is somewhat below the 


mean, although it sometimes extends beyond the isobar of 30 inches. 
It is most frequently found in the eastern segment of the low area, and 


is generally accompanied by easterly or southerly winds. 


}. Another very common cause of rain, and one which is frequently 
associated with the former, is a cold northerly or westerly wind in the 


western segment of the low area. 


This cold wind pushes under the 
warm and humid wind which prevails in the eastern segment of the low 
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arca, and lifts it up from the earth’s surface to such a height, that a 
considerable portion of its vapor is condensed. Frequently there is 
direct evidence that the westerly winds in the rear of astorm are merely 
surface winds, and that the southeast winds which prevailed in front of 
the storm extended to the rear, occupying a stratum of considerable 
elevation. It is generally difficult to obtain evidence of the direction of 
the upper stratum of air, while a rain-storm is prevailing at the surface 
of the earth; but occasionally there are breaks in the lower stratum of 
clouds which enable us to observe the movement of the upper clouds. 
The observations on Mount Washington afford us at all times the means 
of comparing the winds at low stations with the winds at the height of 
6,000 feet. We frequently find that the latter winds are from the south 
or southeast, while the surface winds are from the north or west. 

C. Proximity to the ocean or to a large inland sea is favorable to rain- 
fail. We have seen that heavy rains are more frequent near the coast of 
the Atlantic Ocean and Gulf of Mexico, than they are at interior 
stations. 

The following facts seem well established: 

D. No great barometric depression with steep gradients ever occurs 
without considerable rain. This is true not only for the United States, 
but also for the cyclones of the West Indies, for those of the China Sea, 
of India and the Bay of Bengal. 

E. In great rain-storms the barometric pressure generally diminishes, 
while the rain-fall increases. 

I. The greatest depression of the barometer generally occurs about 
twelve hours after the greatest rain-fall. 

G. A great fall of rain is favorable to a rapid progress of the center 
of least pressure, while a small rain-fall is generally attended by a less 
rapid progress. It is, however, plain that the rate of progress of a low 
center depends partly upon other causes than the amount of rain-fall. 

Of areas of low pressure, the author says: 

If areas of low pressure of great geographical extent may be formed 
and maintained for several days with very little rain, is there no differ- 
ence between the low areas which are attended by a heavy rain-fall, and 
those which are attended by very little rain? Differences do exist, and 
generally they are strongly marked. The following are some of them: 


Characteristics of Areas of Low Pressure. 


With excessive rain-fall. With little or no rain, 
a. Steep barometric gradients. a. Feeble barometric gradients. 
b. Violent winds. | 6. Moderate winds. 
c. Rapid changes of barometric | ¢c. Slow changes of barometric 
pressure pressure, 


d. Rapid progressive movement. | d. Slow progressive movement. 
These are the characteristics of an area of low pressure which stands 
alone, uninfluenced by the proximity of a second area of low pressure. 
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When two areas of low pressure are formed near each other, their 
movements are often very complicated. 

Concerning geographical relations, he says: 

A comparison of the results now obtained suggests some important 
conclusions respecting the influence of local causes in modifying the 
relation of rain-fall to barometric pressure. We have found that in the 
United States, east of the Rocky Mountains, 

1. South of Lat. 36°, a rain-fall of 21g inches in 8 hours at any station 
occurs on the east side of a low area more frequently than on the west 
side, in the ratio of 26 to 1. 

2, North of Lat. 36°, a rain-fall of 2 inches in 8 hours at any station 
occurs on the east side of a low area more frequently than on the west 
side, in the ratio of 2°8 to 1. 

3. A total rain-fall of 9 inches in 8 hours at all the stations east of the 
Rocky Mountains occurs on the east side of a low area more frequently 
than on the west side, in the ratio of 62 to 1. 

4. Over the North Atlantic Ocean great rain-areas occur on the east 
side of an area of low pressure more frequently than on the west side, 
in the ratio of 26 to 1. 

5. In Europe a rain-fall of 24 inches in 24 hours at any station 
occurs on the east side of alow area more frequently than on the west 
side, in the ratio of 2:0 to 1. 

These results indicate that in the United States and Europe, as well 
as over the North Atlantie Ocean, great rain-falls are generally associ- 
ated with a barometric pressure somewhat below the mean, and the 
precipitation occurs chiefly on the eastern side of a low area. 

Finally, 

By grouping together those stations which seem most intimately 
related, we obtain the following results, showing the ratio of the amount 
of precipitation which comes with a falling barometer, compared with 
that which comes with a rising barometer. 


Indianapolis, Ind., ratio, 1°32 tol 


Philadelphia, Penn., 3 2°88 to I 
Seven British stations, “ 2-08 to 1 
Paris and Brussels, - 1°19 to 1 
Pawlowsk, Russia, = 1:06 to 1 
Prague and Vienna, * 080 to 1 


RoyaL METEoroLoGIcAL Socrety.— The usual monthly meet- 
ing of this Society was held on Wednesday eyening, the 20th of 
March, at the Institution of Civil Engineers; Dr. W. Marcet, F 
R. S., President, in the chair. 

Mr. A. J. Hands, F. S. A., Mr. J. Jackson, Mr. 8. A. Jones, 
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Mr. J. E. Middlehurst, and Mr. L. Sutton, F. R. G. S., were 
elected Fellows of the Society. 

Dr. Marcet delivered an address on “The Sun, its Heat and 
Light,” in which he said that the source or origin of all mete- 
orological phenomena is the sun, which sends or radiates its 
heat to the earth through the molecular vibration of the invisi- 
ble matter connecting earth with space. If there were no air and 
moisture we skould feel the sun’s heat to a much greater extent. 
After the sun’s rays have reached the earth, a portion of the 
heat they bring with them is absorbed by the earth and terres- 
trial objects, another is converted into motion, and a third is 
reflected into space. After describing the various actinometers 
and other instruments used for determining the amount of solar 
radiation, Dr. Marcet showed that the temperature of the solar 
rays falls rapidly when tested at increasing altitudes in a balloon. 
He then gave an account of some observations made by Mr. 
Glaisher, in the celebrated balloon, Ascent, which he and Mr. 
Coxwell made from Wolverhampton on September 5th, 1862, 
when they reached a height of about seven miles above the 
earth’s surface. Regarding the transformation of solar heat into 
motion, a very interesting illustration is afforded by the radiom- 
eter, in which the direct influence of the sun’s rays causes a 
light vane to rotate, while another illustration of the mechanical 
effects of heat upon fluids, is their conversion into what is 
known as the spherical condition. In connection with this Dr. 
Mareet showed how by wetting his hand he could pass it 
through molten lead without injury. He also related the case 
of Henry Hall, one of the keepers of the Eddystone Lighthouse, 
who, on the occasion of the fire which destroyed the lighthouse, 
on December 4th, 1755, accidentally swallowed some molten lead, 
but did not die till several days afterwards, when a piece of lead 
was taken out of his stomach. Dr. Marcet then briefly drew 
attention to the sun’s light, stating that the passage of the sun’s 
light through our atmosphere alters it in kind to a great and 
remarkable extent. Light can be composed into its element- 
ary colors. In connection with this branch of the subject, Dr. 
Marcet performed a number of experiments, including among 
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others, that of passing a ray of light through a glass vessel 
freed from dust, when the ray disappears within the vessel, but 
reappears on the other side, showing that the power to form 
light was there, though not the material for this power to act 
upon. Dr. Marcet concluded his very interesting address by 
describing the various forms of sunshine recorders. 

The meeting was then adjourned in order to afford the Fel- 
lows and their friends an opportunity of inspecting the Exhibi- 
tion of Instruments opened on the previous evening. 

The exhibition was devoted principally to actinometers and 
solar radiation apparatus, and also included sunshine recorders. 
several new instruments and a number of interesting photo- 
graphs of meteorological phenomena. 

Among the instruments shown for ascertaining the absolute 
heating effect of the sun’s rays, were, Herschel’s, Hodgkinson’s 
and Stewart's actinometers, Pouillet’s and Angstrém’s pyrheli- 
ometers, and Secchi’s solar intensity apparatus. There were 
also Luvini’s dietherOscope for observing the changes of atmos- 
pheric refraction optically; Bellami’s lucimeter as used in 
Italy, and Crookes’s radiometer, in which the arms rotate with 
more or less velocity under the action of radiation. 

All the various patterns of solar radiation thermometers were 
exhibited, from the plain black-glass bulb maximum to Rich- 
ard’s continuously-recording black-bulb and bright-bulb ther- 
mometers m vacuo. 

An interesting collection of sunshine recorders was also ex- 
hibited, among which were the Campbell-Stokes and Whipple- 
Casella burning recorders, and the Jordan and MeLeod photo- 
graphie recorders. 

Several new barometers, anemometers, nephoscopes, ete., were 
also shown, as well as the stephanome, which is used for meas- 
uring the angular size of halos, fog-bows, and glories at the 
Ben Nevis Observatory. 

Mr. Clayden showed an ingenious working model of the At- 
lantic Ocean, illustrating the formation of ocean currents in 
general and of the Gulf Stream in particular. Some models of 
very large hailstones, 7 inches in ctreumference, which fell pear 
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Montereau, France, on August 15th last, were also exhibited. 

The exhibition included a very interesting collection of pho- 
tographs of flashes of lightning, and also a number of photo- 
graphs of clouds taken in various parts of the world, and views 
taken on the summit of Ben Nevis. 

The exhibition remained open till Friday. 

The usual monthly meeting of this Society was held on 
Wednesday evening, the 17th of April, at the Institution of 
Civil Engineers, 25 Great George Street, Westminster; Dr. W. 
Marcet, F. R. S., President, in the chair. 

Mr. R. C. Mossman and Mr. E. H. Ryan-Tenson, M. R. C. S., 
were elected Fellows of the Society. 

The following papers were read: 

1. “On the Deaths caused by Lightning in England and 
Wales from 1852 to 1880, as recorded in the returns of the 
Registrar-General,” by Inspector General R. Lawson, LL. D. 
The total number of deaths from lightning during the 29 years 
amounted to 546, of which 442 were of males, and 104 of females. 


In consequence of their greater exposure, the inhabitants of 
rural districts suffer more from lightning than those of towns. 
It appears also that vicinity to the west and south coasts re- 
duces the chances of injury by lightning, and that distance from 
the coast and high land seems to increase them. 

2. “ The diurnal range of the Barometer in Great Britain anil 
Ireland,” by Mr. F. C. Bayard, F. R. Met. Soe. The author 
has reduced the hourly records of the barometer at the nine 
observatories, Aberdeen, Armagh, Bidston, Talmouth, Glasgow, 
Greenwich, Kew, Stonyhurst, and Valencia, during the years 
1876-1880. The curves of inland places are smoother than 
those of places on the sea-coast, and the curves of places to the 
westward are more irregular than those of places to the east- 
ward. As we go from south to north the general tendency of 
the curve is to get flatter with a lessened diurnal range. 

3. “Note on a Working Model of the Gulf Stream,’ by Mr. 
A. W. Clayden, M. A., F. R. Met. Soc. The author showed this 
interesting model at work; it has been constructed to illustrate 
the formation of ocean currents in general and of the Gulf 


Stream in particular. 
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4. “On the Rime-frost of January 6th and 7th, 1889,” by Mr. 
C. B. Plowright, F. L.S. The author gives an account of the 
very heavy rime which oceurred in the neighborhood of King’s 
Lynn on these days, when the fringe of crystals upon twigs and 
branches of trees was about.two inches in length. The weight 
was so great that nearly all the telegraph wires were snapped 
and an immense number of branches of trees broken off. 


THe INTERNATIONAL METEOROLOGICAL CoMMITTEE.— The 
fourth (and last) meeting of this committee was held at Zurich, 
in September, 1888. This is the last meeting of the committee: 
it is now dissolved, and its place is to be taken by a conference 
of the heads of meteorological services. 

From the published report of this meeting of the committee 
we clip the following matters of interest to our readers. On 
the matter of the classification of clouds it was decided that: 

“The Committee considers that it cannot at present recommend the 
general adoption of the proposal of MM. Hildebrandsson and Aber- 
cromby, but it recommends meteorologists to continue their study of 
this question in order to obtain representations, both photographically 
and also in colors, such as might be introduced generally in Meteorolog- 
ical Instructions.” 

As to the conditions to be. recommended for the observations 
from distant stations, the committee warmly supported Dr. 
Hann’s proposal, which was as follows: 

M. Hann was of opinion that, as a considerable number of reports 
relating both to meteorology and climatology, were published by travel- 
lers and geographers, it would be well to lay down rules for publishing 
the results, especially if they were to be utilised for scientific researches. 

1. It should be stated what kind of instruments had been used for the 
observations, their corrections should be given, if known. as well as 
details as to the method of exposure. The height of the barometer above 
sea-level should be given as accurately as possible. 

2. Precise information as to the methods employed in the calculation 
of the means (the hours of observation, and the formule used for reduc- 
tions) should always be given. 

It is further desirable to give the means for the separate hours of 
observation (for temperature, humidity, and atmospheric pressure), to 
facilitate the reduction to true means, which might be undertaken sub- 
sequently. 

3. In publishing means for several years, it is very desirable to give 
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the separate means for periods of five years each (lustra) (commencing 
with the first year of each pentade—1881-85, 1886-90, etc.), in accordance 
with the resolution of the Congress of Vienna. In this way it would be 
possible to obtain with the greatest facility simultaneous and corre- 
sponding mean values such as are indispensable for any serious investi- 
gations on the distribution of meteorological elements, especially tem- 
perature, atmospheric pressure, and rainfall. 


The following resolutions were passed: 

“The Committee finds, that it is desirable to recommend the publica- 
tion of hourly observations in evtenso for a limited number of stations 
only in each country chosen with reference to the physical conditions of 
the country.” 

“In order to be able to compare the number of days of rain, the Com- 
mittee recommends the publication of the number of days of rain, snow, 
etc., when the fall amounts to one millimetre (.04 inch), or more, in the 
summaries of results, in addition to the system already in use.” 

We give in full, below, the paper of Professor Buys-Ballot on 
a method of representing the variability of the weather, espe- 
cially by giving the average value of the deviations irrespective 
of sign, which was adopted by the committee: 

The variability of temperature and of barometrical pressure ata given 
station may be represented in various ways. 

A. The mean daily range 2s given by the mean hourly observations 
(Met. Jaarboek, 1868-70). The mean excess of the maximum above the 
minimum readings is given for three stations in the Netherlands in each 
velume (Resumé in the Versl. und Meded. der Kon. Akad. of Amster- 
dam, Series ii., Tom. ix., p. 188, Table iv.). 

B. In the Jaarboek, 1864 and 1865, I have given for each month the 
alternating maximum and minimum readings, with the dates on which 
they occurred, the mean of the subsequent differences being added sepa- 
rately. 

From these the mean variation from each day to the following may 
be found, with considerable accuracy, by dividing by the number of days 
in each month, See the same Verslagen, quoted above. 

Professor Hann has given this mean variation for 90 places, calculated 
in absolutely exact numbers, in his classical inquiry (Untersuchungen 
iiber die Veriinderlichkeit der Tages-temperatur. Sitzungsber. der K. 
Akad. der Wiss. Wien, Vol. LXXI., 1875. Abstract in Oest. Met. Zeit- 
sehrift, Vol. XI., p. 336). 

Dr. Hann gave also tables showing the number of times that a change 
of 1°, 2°, ete., occurred, and what is the probability of such an occur- 
rence. MM. Koppen, Hegyfoky and Oscar Doering, have made similar 
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calculations, in Vols. XV. and XVIII. of the Oest. Met. Zeitschrift, and 
Vol. V., p. 281, of the Met. Zeitschrift, respectively. Lately Dr. Wahlén, 
in his valuable work (Wahre Tages-mittel und tiigliche Variation der 
Temperatur an 18 Stationen des russischen Reiches. St. Petersburg, 
1886. Dritter Suppl. band zum Repertorium fiir Met.), has given similar 
calculations, 

I nyself, in the Vers. and Med., 7. ¢., contented myself with giving in 
Table V, the mean variability for three stations and for 39 years, show- 
ing that this variability from day to day, as well as the daily range, is 
greater for Maestricht, and less for the Helder on the sea coast, than it 
is for Utrecht. 

C. Dove has defined variability of temperature to be the mean of the 
monthly departures from the values for a series of years, or rather from 
well-determined normal values. This is a very valuable method, which 
I myself have adopted, but it ought to be completed by D and FE. 

Db. A fourth method, which I venture to recommend, consists in giv- 
ing for each month the sums of the departures (écarts) from the normal 
value, or, what is perhaps better, these sums divided by the number of 
days in the month. 

Beginning with the year 1863, I have given these sums for groups of 
stations, and separately for the stations where the sums were least and 
greatest, respectively. The tables show clearly that as for the tempera- 
ture the sums are least for islands, almost irrespective of their latitude, 
and as for the barometer they increase with the latitude. 

E. It is very interesting to show in a table for how long and at what 
figure a departure may continue of the same sign. This | have shown 
in each Jaarboek since 1849 for Utrecht, oceasionally for selected stations 
in Europe, and in the Jaarboek for 1879 Il. for a great number of placss 
in the northern hemisphere. 

From these tables D and E, partially only in manuscript, I have 
extracted the maximum sums, those above 109° C. (or 100 mm.) up to 
293° C. for the temperature departures at Helder, Utrecht, and Maes- 
tricht, from 1852 to 1874, and printed them in the Versl. und Med., Series 
IL., Tom. 1X., Table VII., and for the following years, here and there, in 
the Jaarboeken from 1876, For Utrecht these tables give vll the sums, 
both small and great, for temperature and barometer from each Jauar- 
boek. 

The accuracy of these sums depends to a certain extent on the accu- 
racy of our knowledge of the normal values. 

If anerror of, say, 1° C. or 1mm., be made in estimating these normal 
values, it will be necessary to subtract or add as many degrées or milli- 
metres as there were days on which the departures lasted with the same 
sign; and what is still more awkward, such a series may seem to con- 
tinue longer or shorter when the sign itself is altered by this uncertainty. 
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Nevertheless, this source of error does not exert so much influence as 
might be supposed, and moreover the sums. are interesting for other 
inquiries, 

I shall not dwell longer on these different methods, each of which has 
a different meaning, but shall conclude with a few words in recommen- 
dation of the method D, combined with C. 

The sum of the departures (>) for a month, or their average values ,/ 8 
for one day in such a month, are not so much dependent on an accurate 
knowledge of the normal vaiue, especially if the departures have different 
signs in nearly equal proportions, the positive ()) increasing, while the 
negative (i) decrease, and vice versd, by the same amount. It is gener- 
ally the case that only very few figuers are changed in their sign by such 
an error. For instance, Paris, March, 1879, the sum is 226 mm. It would 
have been the same if the normal had been 1 mm. higher, and if it had 
been 1 mmm. lower, which would be quite impossible, the result would 
have been 288. Even Posen, April, 1879, for which the result is 236 mm., 
the normal being 754.9, it would have been 265 if the normal had been 
accepted as 755.9, and only 237 if the normal had been 753.0. This is the 
most extreme case I could find. 

It is, however, only fora very few stations, for mountain stations, 
and for such as are very distant from those for which the normals are 
well determined, that an error of 1° orl mm. is possible, and this error 
will be diminished or reduced to zero after some years of careful exaini- 
nation of the normals. Accordingly this method will become as accu- 
rate us method C. 

In recommendation of this method I may say that these sums are 
obtained without any trouble of caleulation, which is not the case if 
the variability from day to day is calculated. Every one who calculates 
departures(and this practice is coming into general use, and is very desi- 
rable for other purposes,)is compelled to use the sum of them as a check 
on his work. Ile obtains separately the sum Lp, and the mean value P 
of positive departures by adding the sum =v of the negative departures, 
and their mean value N, by subtracting the deviation of the month, and 
of course when both these results are obtained you can get the sum of 
each, 

For instance, if we find for a place the mean sum for a month S, and 
the mean departure D, we know that '3.(S + D).and !3(S— D) multiplied 
by the number of the days of the month represent the sums Yp and =n 
of all the positive and negative departures respectively. 

If S is nearly equal to D, the departures have nearly all the same sign; 
if D,on the contrary, is very small, then the sums of both kinds are 
very nearly equal. I say, therefore, that this method should be com- 
bined with method C. 

Let, for instance, as in May, 1879; for Aarau, the departure from the 
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temperature for each day, though great, have been not greatly different, 


D on the average —4.15° then the variation V will be relatively small 
171°, while S = D, 2 = 31 D. 

When 15 of the departures are almost of the same amplitude and posi- 
tive, and the 15 following negative, then just as when they change fre- 
quently in sign, being alternately + and —, the departure in both cases 
will be nearly 0, while in the first case, from method C, V will be small, 
in the second great. 

Christiansund, May, 1879, gives S =2.58°, D. 0.09°, V =2.40°. 

Klagenfurt, April * s=E830’, BD, 0.25°, V =1.33°. 

S, D, and V appear to be far from being proportional to each other, and 
therefore they should, each of them, be represented, in order to indicate 
the climate of the place, and the character of the month 

In sanitary respects, the second case is more dangerous than the first, 
while in both cases the meteorological disturbance is very slight. 

Between the two cases, method E decides by representing the great- 
est sum of departures of the same sign in continuation. 

On the whole, however, in along series of years all these different 
cases will be represented, and both methods, as well as the third D, will 
give asimilar result. I do not dispute the value of method B, and in 
fact think highly of it, but I think that method D is of equal or greater 
value than B, especially if it is combined with C and E. The three lat- 
ter being much more easily obtained than B, and obtained by one and 
the same calculation, the numbers of D and E being obtained bya 
simple addition of the departures, but serving as a check on the caleu- 
lation. (Signed) Buys BALLOT. 

The mountain meteorological stations established are: 


Height above sea. 
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| The last two stations have ceased their 
Lactivity since 1888. 





















LAS VEGAS HOT SPRINGS, 


NEW MEXICO. 
ella 
HIS delightful health and pleasure resort is situated on the southern slope of 
the Santa Fe Range of the Rocky Mountains, at an elevation of nearly 7,000 
feet above the sea. The Springs, some forty in number, vary in temperature from 
very warm to entirely cold, and are very widely celebrated for their curative effects 
upon almost all forms of chronic disease. The bathing facilities are unequaled. 
The climate is unexcelled for clearness and brightness, and the proportion of 
sunny to cloudy days is about ten to one, either in winter or summer. The location 
is a beautiful one, in the midst of mountain scenery, affording opportunity for 
walks, drives, climbing, and continuous out-door life, without hardship or exertion. 
Every accessory of woods, rocks, running water, flowers, brilliant sunshine, and 
magnificent distance is present. 


The Phcenix Hotel 






FavOeMevact v-e0 
ls acommodious and massive structure of stone—the finest watering-place hotel 
West of the Alleghenies. It has every convenience of modern times, and is ele- 
gantly furnished and supplied. 
The Springs and Hotel are located on a branch of the main line of the SANTA 
FE ROUTE, six miles from the town of Las Vegas, New Mexico; is readily acces- 
sible by telegraph, telephone, and four passenger trains per day. It is extensively 
sed as a resting and bathing place by trans-continental tourists by this celebrated 
route, as well as by all classes of rest, pleasure, and health seekers from every part 
ot the country. 
. Pamphlet, describing Hotel, Springs, and points of interest in that vicinity, will 
‘esent postage prepaid upon addressing 


GEORGE T. NICHOLSON, General Passenger and Ticket Agent, 
TOPEKA, KANSAS. 


NORTHERN PACIFIC RAILROAD 


LANDS FOR SALE. 


The Northern Pacific Railroad Company has a large quantity of very productive and desirable 
AGRICULTURAL AND GRAZING LANDS for sale at LoW RATES and on EASY TERMS. 
These lands are located along the line in the States and Territories 
traversed by the Northern Pacific Railroad as follows: 


In Minnesota, - - - - Upwards of 1,350,000 Acres 
ve ,0OO Acres 


In North Dakota, 

In Montana, - 19,000,000 Acres 
In Northern Idaho, - 1,750,000 Acres 
In Washington and Oregon, ~ 12,000,000 Acres 


AGGREGATING OVER 40,000,000 ACRES. 


These lands are for sale at the LOWEST PRICES ever offered by any railroad company, ranging chiefly 


FROM $1.25 TO $6.00 PER ACRE, AND ON 5 AND 10 YEARS’ TIME, 


For the best Wheat Lands, the best diversified Farming Lands, and the best Grazing Lands now open 


for settlement ‘ 
In addition to the millions of acres of low priced lands for sale by the Northern Pacific R. R. Co., on 


easy terms, there is an equal amount of Government lands lying in alternate sections with the ri ilroad 
lands, open for entry, free to settlers, under the Homestead, Pre-emption and Tree Culture laws. 


DO THIS!— 


WRITE FOR PUBLICATIONS RELATING TO MINNESOTA, NoRTH DAKOTA, MONTANA, NORTHERN IDAHO, WASHINGTON AND OREGON 


An attractive belt of country reaching from Lake Superior to the Pacific Ocean and Puget Sound, and 
noted for its rich natural resources. 

The Northern Pacific Railroad Company mail free to all applicants the following Illustrated 
Publications, containing valuable maps, and describing Minnesota, North Dakota, Mon- 
tana, Idaho, W: ashing gton, and Oregon, viz. 

SECTIONAL LAND MAP OF NORTH DAKOTA, showing the Government lands 

open to settlers, and those taken up, and the railroad lands for sale, and those sold in the dis 
trict covered by the map. 

SECTIONAL LAND MAP OF EASTERN WASHINGTON AND NORTHERN 

IDAHO, showing the unoccupied and occupied Government lands, the sold and unsold railroad 
lands, with descriptive matter relating to this portion of the Northern Pacific country. 

SECTIONAL LAND MAP OF WESTERN AND CENTRAL WASHINGTON, 

showing the unoccupied and occupied Government lands, the sold and unsold railroad lands, ia 
Central and Western Washington, including the Puget Sound section, with descriptive matter concert 
ing the extensive timber regions, mineral districts, and the agricultural and grazing lands. 

MONTANA MAP, showing the Land Grant of the Northern Pacific R. R. Co., and the Gover 
L ment surveys in the district covered by the map, with descriptions of the country, its grazing 
ranges, mineral districts, forests, and agric ultural sections. 

ALSO SECTIONAL LAND MAPS OF DISTRICTS IN MINNESOTA. 

When writing for publications, include the names and addresses of acquaintances, and publications 

will be sent to them also. 


SUPERB TRAIN SERVICE. 


The Northern Pacific passenger trains are equipped with Pullman palace sleeping 
I JULPE I 


ears, coionist sleeping cars, dining ears, and first-class coaches. The colonist sleeping cars are run 00 
the daily fast through express trains, without extra charge for berths. 

For full information relative to rates, tickets, sleeping and dining cars, and for 
copies of illustrated publications including the “ Wonderland” and “Alice Folder,”’ describing the 
summer resorts, Yellowstone National Park, California, Alaska, ete., with maps of the Park and line 
road, apply to or address 


GHAS. S. FEE, Gen’l Pass. and Ticket Ag’t, St. Paul, Minn. 


te WRITE FOR PUBLICATIONS. “#2 


They are illustrated, and contain valuable maps and descriptive matter, and are MAILED FREE OF 
CHARGE to all applicants. For information relating to lands and the Northern Pacitie country, address 


P. B. GROAT, OR CHAS. B. LAMBORN, 


GENERAL EMIGRATION AGENT, LAND COMMISSIONER: 


st. PAUL, MIWWwWEeEsoT«. 
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DRAPER’S SELF-RECORDING THERMOMETER, =. 


DESCRIPTION OF THE INSTRUMENT . ‘ 
AND DIRECTIONS FOR ITS USE. gives a permanent 


and continuous rec- 
ord in ink of the 
temperature. The 
chart indicating 
hours of the day and 
days of the week, 
gives the degrees of 
temperature from 20° 
below zero to 110° 
above. All instru- 
m wih REX f, ments are accurately 
ii y adjusted and war- 

ranted. The record 

is easily read and ab- 


. 
RY 


SS 


wi 
Wun 
WWW 


>. 
8 


eS 
YY 


‘oes 
a q in F 
OR Dany papers by the leading in- 


Loto rl Ik: ‘ strument dealers and 


ATENTED 18 opticians throughout 


solutely correct. Sold 


-« Tae-Dearer Mri Co. the United Statesand 
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=I | ‘The DRAPER 
= MANUFACTURING CO., 


frotected by Letters Patent in the United States, Canada, Great Britain, Owners of the United 
rance, Germany, Austria, Mungary and Belgium. Stat a fi . 
roots ¥ ates an oreign 
STANDARDIZED AND WARRANTED. g 
epee ee patents, 152 Front 


MANUFACTURED BY THE 
DRAPER MANUFACTURING COMPANY, Street, New York. 
152 FRONT STREET, NEW YORK CITY. 





(oLorado COLLEGE, 
COLORADO SPRINGS, COLORADO. 


THE CLASSICAL, LITERARY AND SCIENTIFIC DEPARTMENTS arte now strongly equipped. 

Special Winter Courses are given in Assaying and l’eterminative Minerology. 

Students unable to continue their work in the East on account of Pulmonary diseases or Malaria, in this 
climate can pursue their studies uninterruptedly, and often regain their health at the same time. 

For further information Address President SLoc. M. 


ROSE POLYTECHNIC INSTITUTE, Terre Havre, Inn. 


A SCHOOL OF ENGINEERING. 


Well endowed, well equipped departments of Mechanical and Civil Engineering. Electricity C hemis- 
ae Drevin. Extensive Shops and Laboratories. Expenses low. For catalogue address T. C. Men- 
enhall, Pres. 





WANTED.—A METEOROLOGICAL AssiIsTANt. He must carry on the (at present) 
four daily observations with the necessary copies and reduction, and must attend to 
the self-registering instruments. His compensation will consist in room, fuel and 
lights. A good chance for a young meteorologist. Address, 

M. W. Harrincton, Ann Arbor, Mich. 
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STANDARD THERMOMETER, 
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LEGIBLE. 


5 inch Dial. 








ACCURATE, 


8 inch Dial. 


$2.50. 
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(Metallic.) 


Special Thermometers for Meteorologists with or without Telemeter 
attachments. 


AGENTS: 


THE FAIRBANKS SCALE HOUSES 


in the Principe ul cities of the United States. 


COMPTOMETER 


SPECIALLY ADAPTED TO ALL 


Eee COMPUTATIONS. 
Addition Operated Entirely 


by Keys. 





» Saves 40 per cent 
= 


Multiplication of time. 


Division 


Square Root 


Entire Relief from) 
Mental Strain. | 
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Adapted to all 








Common Fractions ® 





Computations. 


A I | Arithmetical Calculations can be solved Rapidly and 
Accurately by its use. ... . Send for Circular. 


FELT & TARRANT MFG. CO., 


52-56 ILLINOIS STREET, - - GHIGCAGO, JLL 











Commercial # 


Scientific and | 




















